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PREFACE
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. SECTION I
i
B INTRODUCT ION

N
2 This final technical report covers the development of electronic

% circuitry for operation of an IRCCD camera using a 39,040 Schottky diode

9 detector focal plane and peripheral circuitry related to the initial and
N final design. The entire system consists of two packages each of which is
% small enough to satisfy the airline requirements for carry on lugqage.

; The camera focal plane is an interline transfer CCD having a 160

Y (horizontal) by 244 (vertical) PtSi photodiode matrix which was designed by
e Walter Kosonocky of the RCA Sarnoff Laboratories, The camera system

-}j consists of a sensor head and a signal processing unit. The sensor head was
i designed by Doctor W. Ewing of RADC at Hanscom AFB Bedford, MA, This report
:; is concerned primarily with the signal processing unit.
“ A simplified block diagram of the overall camera system is shown in

‘ Figure 1. Figure 1a is a block diagram of the sensor head pictured in the
J, photographs of Figures 2-4. The second package containing the digital-

23 analog signal processing unit (SPU) is shown as a block diagram in Figure
X Ib. It consists of five S100 plugin boards and two PC boards, one for the
] A/D circuitry and the other for the D/A circuitry. A third PC board serves
3 to interface the front panel controls and the various boards.

» The basic operation of this camera is for the most part th2 same as

¥ that for the 64x128 camera(l). The sensor head, in particular, for either
,E camera requires only a different digitial board to account for the

X difference in timing between the two focal planes. The circuitry outside
R the sensor head, the SPU, is similar to that for the earlier camera,
o however, the nonbinary number of rows and columns, 160x244, requires new
fA circuitry and larger memories to achieve the features of pixel correction,
g‘ ) background -veraging ind appropriate operation of the frame buffer memories.
? The early design of the A/D board attempted to use the 12 bit DATEL 868
)? A/D with 500 ns conversion time and the Micronetworks MN37" T/H amplifiers
; : wi.tn a typical acquisition time of 160 ns. These two devices represented
ﬂ state of the art in signal processing in terms of availability, speed, power
:' consumption and reasonable cost. A careful analysis of the operating
v characteristics revealed that this combination just fell short of the
"9

;
8§
L\ 1 }
- 1
‘f ;
)

0 -] B, % e N P, & " il " ol i % ¢ n, AT BT L S L SN I I AT AN
T T S A A GG - O R e T AR W R P A A W R S AR N R RN NN




ccd
CLOCX
DRVER,
Boared

p o C

W . PEWAR ANRLOG
4 TIM NG \
N ) IRCCP £IARD
g poa iy

“ 0PTicCS

¥

3N 61 AS Pow £«

% ConThL fo  f CONDITIm

[CEY S ING BReafd

vl
0 T

LY

Wy v v

¥ Liv Ty FowER FTRom
il SENSLR aNALOG
KN Tisg pro SP U

wTeLT

Figure 1a Simplified block Diagram of the Sensor Head

,‘z

- Tl
e}

s
L LS

b

b

5
N

v
f_

W

B NG TR TR TR T W A T W P e,
,o., oY £ }s)\'-.\‘_. .



K131n2119 |B}i61g-60ojBUY By} j0 weiBeig ¥°0|q polyljduwig q| 84nbBig

DINA
xow L1 (9voy) nag lno vy 110 e ks _
¥ 2 M0d oM/ 311y M qdy 4no atuu_ 01 vd

o )

a4 Y3LSv

(Wod) +#cvm
‘ riQii 238300
LC0Ln0 awy nie
0“0—) QJaIN k...d
Filsogron 13A3
137334 )
WiLAIHS \ ‘
Wors3dond _ HILYY L 119 NG L 33Y0) ﬁ”»\
90T UNY *Iwig R
) WM ﬁlll.
> AnNO Y9
LEA £ ]
(9 We3)

NIV ¥I34n9

—‘ Irev Vs | _
hoayt
$

Tl"‘lllll‘l\ﬁ Ny
—_—
dr9 91 _ _
(v Beed) ntu_%._ & RNW
¥hlve yidig Lfsod o . * .,
AR ‘
Si19 ~._ | _.
S _._v
qa/v !
r\ natl) A
Ardn 9QTwNY
) s Pl A Ry b (AR AR d.n\-q.u,\-\u.
Do ; PP LT AP | & TEMNTAEN TR | AGORT eNRTey B MO g Gt
o ..»\M;Ac“n..n. w \.HIU!‘JH'! 'vb‘\l-ﬁb‘\r%'i “f -,ﬂ!.ulinhu l. -, hl--.-an ,“-“n. l?*ﬁ"“‘... 1-“ an.“} ‘*.1..‘ N .‘l“.a A P XN "’\&".ﬁ
ae - 3 - - - " - ar -8 . ) - s W e i
-1 SN Ay S A A AN




™
m A
.v-L
SWelsAg AJowew o094yl oI 0.nbjy .HJ
p Ny
: i
w SVWyY2E Sok) >l Lvis SHVWY (o) d11vis r..)m
m P‘m B X YoM ﬂT—P ! 119 @ AgYo ™M NV_V hZ ...-
b : :
3 . | _ Y
4 ' 1..
] . A _ _ ..r...
w i ' i v
p f ! “ ; l--
: ah SRS S oL oy
4 _ B o
w . . 515539 dQv .,...
! ' , ots'bl e
. ,'—
3 . m o
¢ , ~
! i -
f m E _.I\ 4
' , T
,m'll.lwh_‘ ﬂ_ > o’ x.!\w cig Lo v.X .)-\
! _V 4 Pw_J .)-.
)
LY B gy 10 Va4 o7

a

~t

e

i d

]

_ TIejdedy
_ e AN

! i
i

|
|
|
!

i s ey bem o {S404 21 : «

A ]
L4 /

Hog

AWgs *7 Y wed

b 4wty At 0ds A7) CT AL 4233 vty N dW ¢ gy e 2

hallab bl dinhe el il A ot dna 0 fta hia Bla M aa ol At Smin Rl ol tak Ak tal uay Sak G End aid ad ea s



uoljedo| pieoq Od SO pue Jemap HBuimoys peaH Josuag

¢ 94nbi4y

%

<" .

‘\ )

»
‘f_‘f "

L4

-
Y

.\...‘.

-’



. w
A
U]
T

-
)

-

ol ol

L

.y
L)

6

-

IS "
5 b DN KL

Sensor Head showing chip mounting behind the dewar

Figure 3




£ RN

P ERE:

T

PSS
Sensor Head showing dewar, power regulator board and CCD driver PC board

R S

b
f il

]
"c

Figure 4

LSTRT Y SV RS Y
‘0-:"{0 h 1-“' OGS AR

Ty TN A% L ™ “» LT ‘y'-nf{.‘ q-), » - -p - A
DR R o A o I e e Lol T e e T S e L




ERERAE:
S

ek
»_a

NN
.’.'l.‘l

-

o
e
L LN

N
P
AR,

necessary speed. Consequently, we made use of two Micronetworks MN5245
A/D's and two MN376 T/H's as indicated in Figure 1b,

Three memory systems are used, the pixel correction memory, (PCM), the
background averaging memory, {(BGM), and two frame buffer memories, (FBMA and
FBMB). A simplified model for the organization of these is shown in Figure
lc. The PCM uses 6167 chips which are 16384x1 bit CMOS static RAM'S. The
BGM and the FBM's use 5565 chips which are 8192x8 bit CMOS static RAM's,
Twelve bit accuracy for the FBM's requires 6 chips for 122 lines or a total
of 24 chips for both FBM's. The BGM during the background averaging
operation involves 16 bit accuracy. Consequently the BGM requires 12 chips
giving a total of 36 5565 memory chips for the entire system.

A preliminary explanation of the PCM operation is as follows. A
comparator, controlled on the fraont panel, sets the allowable window for the
pixel output level. If a pixel output falls outside the defect level a
logic "0" is stored in the PCM. All other outputs are stored as logic
“1's", At a constant ambient input the PCM is written for one frame., In
normal operation when the PCM output is a zero the logic on the A/D board
latches the A/D output to the data from the previous pixel output. When the
PCM output is a "1" the output of the A/D is fed directly to the "A" ports
of the ALU for processing.

Tne BGM is used to obtain a 12 bit 16 frame pixel by pixel average of
the sensor data. This is achieved using a 16 bit hard wired ALU with "A"
and "B" input ports. The first step in this process is to bit shift the BGM
to utilize its full 16 bits. The BGM is cleared and with the ALU set to the
ADD mode the 16 frame pixel by pixel sum is obtained. The BGM is then bit
shifted back to utilize only the upper 12 bits of data and to obtain the
average background for each pixel. Corrected imagery is obtained by setting
the ALU to the subtract mode. The background average is then subtracted
from the incoming sensor data on a pixel by pixel basis.

The FBM's are operated in a ping pong manner in that one memory is

being written as the other is being read out. In writing, all of the even

lines are written consecutively into A or B memory followed by all the odd
lines into A' or B' memory. During read out (RO) the entire contents of the
primed and unprimed memories are readout alternately during one TV field.
This RO is repeated for the next TV field. Consequently, the entire RO
consists of approximately 488 Vines per frame at the TV rate of 30 frames/
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second.
The analog processing block of Figure 1b consists of an ECL D/A,
HDS1240E, followed by switched gains of 1, 2, 4 and 8, a four quadrant

multiplier, log compression, multiple pole active video filtering and black
level control,

W
N In what follows in this report an attempt has been made to clarify the
& discussion of circuit behavior by simplifying references to different types
X! of IC's. For the most part high speed CMOS logic circuits have been used to
" reduce power consumption, In a few places Fairchild Advanced Schottky
Y Technology {FAST) devices have proved to be beneficial. For some circuits
¥
¥ it was necessary to use standard TTL, Schottky Low Power, or Schottky
‘ devices. In most cas2s inclusion of SN74 preceeding the device type will be
. omited. For example, SN74HC04 will be written as HC04, and the SN74HCT04
x
é will become HCTO4, F>rr FAST devices only F is used, i.2., the hex inverter
o SN74F04 will be referred to as F0O4. Schottky devices will appear as S139,
f low power Schottky as LS14 and 120 for standard TTL devices.
'? A glossary of th2 acronyms used in this report follows.
R GLOSSARY
[}
¢ Background Memory BGM
i‘ Borrow 80
1

Canposite-Data-Latch CcoOL

Correlated Double Sampling CDS
p Dynamic Field Balance Correction DFBC
' Even Field EF
f Field Drive FD
A Flip Flop FF
) Frame Buffer Memory FBM
\ Gated Readout Clock GROCK
)
¥ Line Drive LD
4
) Load L

Maximum Flat Magnitude MFM
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Master Clock

Master Memory Select
Master Write Address Generator
Memory Selet (Q,D)
Operational Amplifier
Phase-Locked Loop

Pixel Correction Memory
Readout

Readout Address Generator
Select

Signal Processing Unit
Start Convert

Status

MCK
MMS

MUAG
MS
0A
PLL
PCM
RO
ROAG
SEL
SPY
SC

ST
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SECTION 11
! CAMERA CIRCUITRY DETAILS

V. A. Sensor Head

Digital synchronization of signals and analog data used in the SPU
originate in the sensar head. The primary source of timing is a 12.915 MHz
crystal controlled onszillator located on the digital board shown in Figure
la. An equally important chip is the Ferranti TV Synchronizing Pulse
Generator chip ZMA134J. A block diagram of this chip is shown in Fiqure 5.
This is the master synch chip which generates all of the control signals
necessary for TV monitor presentation of video data. Fiqure 6 indicates the
I various output availanle from the ZNA134J.

: A simplified derivative diagram of the digital board is shown in Figure
7. The digital board supplies to the SPU the following signals: XFR, T/H
(160 pulses/line), a Master Clock (MCK), Even Field (EF), and the Line Drive
(L3). The latter three siqgnals are used to synchronize a slave INA134J chip
in the SPU. The MK signal of 2.583 MHz, required by the TV synch
generator, is derived by dividing the 12,915 MHz crystal clock by five,

The transfer pulse (XFR) occurs every 16.67 milliseconds., Sandwiched
between XFR pulses are the data readouts, alternately all the 122 even rows
followed by all the 122 odd rows. This analog data is processed on the
Correlated Double Sampling (CDS) board before reaching tha A/D board in the
SPY,

Earlier work using CDS circuitry had demonstrated its efficacy in noise
(2,3) The CDS circuit board in
Figure 12 incorporates improvements over the circuitry reported on in
references 2 and 3. Fiqure 8 illustrates the basic features of the initial

d Tl M R R

e e
- "

reduction prior to digitizing analoq signals.

design of the COS circuitry used in the sensor head. In the final design
the BUF 03's were eliminated, The reference voltage switching using SD210
NI and SD215 MOSFET's affords faster switching and the REF02 circuitry results
: in 3 more stable offset reference voltage. The MN376 T/H amplifier gives
) significant improvement in switching time, acquisition and settling times
; ‘ over the HTCN300 devices used earlier,
. The CCD C clock rate is 6.4575 MHz. The chip output data rate, the
1 pixel or CCD rate, is 1/4 nf the C clock rate or 1.6144 MHz qiving
k 619ns/pixel, Tnis time is allotted as approximately 150 ns for reset and

11
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Figure 7 Simplified derivative diagram of digital board
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approximately 450 ns for the S/H interval.
B. Signal processing Unit (SPY)

Tne SPU consists of an input A/D board, five S190 boards for processing
the digital data and a 9/A board to process the video output. The RO rate
is determined on the basis of 488 lines/TV frame. The individual frame
buffer memories ({FBM's), are readout completely (244 lines) once during
each even TV field and once during each odd TV field. Since each TV field
interval is 16,67 milliseconds, then 488 lines will be readout in 33
milliseconds at a TV frame rate of 30 frames/second., The interval between
LD pulses - see Figure 6 - is 63.5 yseconds. Allowing 11.5 useconds for
horizontal blanking gives 52 ,seconds/video line. Each chip row contains
160 pixels, thus, 52x10'6/160 pixels = 325 ns/pixel ar a video rate of 3,077
MHz. Tnis rate determined the design of the phase-locked loop (PLL)
controlled gated readout clock (GROCK).

A master write address generator (MJAG) is used for writing all three

memory systems. This circuitry is synchronized with the composite-data-
latch, {CDOL), on the A&/D hoard. The MIAG generates the mamory control
signals and the increment pulse INC to clock the write address counters.

1. A/D Board Timing Circuitry

The basic approach to digitizing the analog signal is indicated in
Figure 1o. The box labelled "Timing" represents the circuitry necessary to
generate ”ho]d" pulses for operation of the T/H amplifiers. Each T/H
amplifier is activated on everyother "hold" pulse. Each "hold" pulse is
delayed by 100 ns to obtain the Start Convert (SC) pulse for the A/D's. A
detailed schematic for the "timing” circuitry is shown in Figure 9.
daveforms for this circuitry are shown in Figure 10,

In Figure 9 the dual pulse synchronizer/driver chip SN74120 is a unique
circuit that is used extensively in the SPU. As indicated! in Fiqure 9 the
127 is capable of either single output pulse or pulse train operation, The
wiring of Figure 9 suggests pulse train operation, howeve~, the S/H pulse
rate, the width of the S1
and Y, having an output synchronized with everyother S/H dulse.

pulses and the additional circuitry results in 7}
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;;ﬁ: (v Fiqur> 10 tno XF2 pulsa 3t t = 0 presa*s W}D, 19w,  Witn Sll 1w 1,

ii;% will navea a1 output pulse correspanding to the firstAS’% Cr120Y pulse,

a Prigr £9 tn2 first S/H pulse botn Y1 and ¥, wera Iow ant CX(74), tha autng”

’$§ of tne NJIR 142, 15 nign., The positive pufse it Y1 drivec CK(74) law for

fté e interval of tne Yl puls2. At the end of tha Y pulsa the first rising

:Eﬁ 21ge Of CRI74 reverses the lavels of S11 andy 512.A "w with Sl? 17w Y2 il

O nava 21 aatput for the second S/H pulsa, Sll being n1gh “nnihits the Y1

:,: datput ., Next the trailing edge of Y2 generates a3 rising ocdqge tn again rlnck

‘:Ez “ne 'Y typa FE, oraversa the levels of Sll and 512 and Activate Yl' Thus ,

o tne period of TI and Y, is 1/2 tnat of the S/H pulse CK(1 DY,

o Tae renainder of ih% basic A/D circuitry is shown in Fiqure 12, Th-=

*6: AR )E TWORKS MN 376 is 4 12 bit linear T/H amplifier with o 200 ns maximun

fl?i tTgatsrtion time and 100 ns settling time, Tha MN 5245 1< 3 12 hit A/D

43@ convert2rowitn 900 ns maximum conversion time and a 1 MHz conversinn rate,

Fyr tne MN 5245 the minimum start convert /SC) pulse width is 50 ng and

t¥{ > nust remain low during conversion, The status (ST) pu se rises to a

f?;i “ogia 1t om) ns after the falling edge of SC,  Digital output data from tn=

ﬁf? or2v1aus conversion is valid typically 100 ns after the falling o2dige of ST
11!t 1) ns after the rising edge St. Output data becomes ralid nn the

tj}: falliny >fge of ST. These cnaracteristics for the MNS21%5 are showt at tna

ii; Hp of Fiqure 11 which indicates idealized waveforms for <n2 A/D aperatinn,

T o Fraure 12 circuit details for the remainder of the /) noird are

tzj 5P, e digitized data from tne two A/D's is muxed to the HC?73 latches

;*N Syoeans of tnree AC157 s, When the se]eif_(SEL) input 1. low the Y outnuts

) > iry from 3'31. Synzhronization with the XFR pulse is achievad Hy "0O" typa

N :Fl' e XFR opulse drivoss CL1 tow and presets"ﬁlDl nigh, A% the 2nd nf the

:~' Gkt T ns puise from the canpasite-data-latch circuity S-L agnes 1aw and
401 V5 seiectad tron Arﬂl. Jrothe next 70 NS pulse data will bhe salacter
ot A )7.

Tneorampinten of the tircyitry in Figure 12 is ralat:d *n tha pixel

et rrnuitey ., Tais will obe Adiscussed in Sectinn 25 €yr tna PCM,

. olale Syl emsseslocked Laop (PLL)

Nz thagran 9f cne PLL is shown an Figare 1. Tra 1asire fg 18
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Figure 10 Waveforms for timing circuitry of Figure 9
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f, = £ /M
where
f, - 1.2915x10%N
Yol
- 6/ 6
F, o= 1.2915x10°(N/M) = 3.077x10° .
Thus

N/M = 2.38 or approximately 2.4 = 12/5.

Taking N = 12 and M = 5 gives

fl = 15,493 MHz and f2 = 3.0996 MHz,

Tne rounding off of 2.38 to 2.4 qgives 3.0996 MHz as compared tn the
initial value of 3.077 MHz, rowever, this only means that the 160 pulses
~aquired between LD pulses will occur in an interval somewhat less than tho
ariginal specified 52 :s. Figure 14 shows the detailed PLL schematic.
Division by 12 in the feedback loop is accamplished in two steps. Th2 HC16]
counter divides by 6 with an assymetric output to the HCT74 "D" type FF.

The latter circuitry divides by two to obtain 1,2915 MHz with a 50% duty
cycle,

i, Gated Raadout Clock (GRICK)

Tne Grated R=2aiout circuitry is reguired to ohtain 1AN pulses, =ach

witn 3 perind 3f approximataly 322 ns, sandwicned hetwean succeeding LD
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pulses, Tnis circuitry is shown in Figure 15 and the assnciated wivefiyrms
1M Figure 16, Tn2 CK 1aput for the 120 is 3,0956 MHz, The neqative gata
#1ith fyr thne 52 control nust he 160x1/3.0996x106 or 51.6 s. The LD pulse
wi1dth 1s 6.2 us.  The time between TD pulses is 63.5 s, Consequently thera
1s an iaterval of 57,3 s in which to fit the 160 gate2d pulses. The
starting location after the LD pulse is set by approximately seven cycles of
1.2915 MHz using the $Cl6]1 counter and the HCll2 AND gate, Approximately
5.4 us after the L) pulse, CK1 2f the HC74 sets Qd and S2 low and Q1 high
which activates the H 161 counters and the output gate of the 120, After
167 counts of 3.0936 MHz the NC11, AND gate drives PR

2 1
tarminates the 120 nutput gate and clears the HC161 counters,

low momentarily which

The 5.4 us interval after the LD pulse is not critical, however, the
first gated pulse must 3lways start at the same time. The clear for the
47390 counter - se2 Figure 14 - is synchronized with LD, The 3.0996 MHz is
synrcneontzed with the PLL, Conseguently, no difficulty was experiencad with

q4re starting stability,

4. Master Write Address Generator (MWAG)

The MWAG 1s synchronized with the Composite-Data-Latch,(CDL), pulse
from the A/D nhoard as indicated in Fiqure 12, Circuit details of the MJIAG
are shown in Figure 17 and associated waveforms in Figure 18,

On the rising edce of the CDL pulse S1 of the 120 is driven low hy Uy
of the "D" type FF HCT74 thereby initiating a train of pulses at the input
¥ orate of 15,498 Mz, At the same time the load input (L) of the HC19?
ciunter rises Nhaving preset the counter to 1. Y. will continue to clozx the

1
counter until S, of tne 120 rises, QD initiates this chanqge hy presetting

the "“D" type FF}

The counter outputs QB and QC of the HC192 with the appropriate lagic
shown 11 Figure 17 qenerates the necessary control siqnals for writing all
three memgries, 0Netails of this circuitry will be discussed later in the
aprrapriate sections,

Tne preset pulse for the "D" type FF 15 delayad and use1 as the CK
input (IND) to increment the write address counters HCIGll theough HClﬁla.

fnes. counters are initially cleared by the XFR pulse. After 19520 menory
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[ty addresses, data for eitner the 122 odd or 122 esen lines will have been
,'ﬁ written to the appropriata memory locations, The tnree ND gat2s in the
B 1dwer righthand side of Figure 17 are connected to again clear the counters
7ﬁ;~ ifter 19520 increments ind prior to the next XFR pulse. This clearing
O Zircuitry 1s not necessdary, however, it 1S used as 4 precautionary medsura
}E; to 2liminagte any possibla noise contamination that might result from the
B readoat of the unusad me moryocations.
,‘{- Av important aption for the camera is the capability of "freeze-frame"
,:3§ aperation., Tha "D" type FF2 in Figure 17 is used for this purpose. When D1
}Iﬁ 1s held low by the front panel switch, the output of AND gate 3 is held 1ow,
W Sinca this output 1s EP of counter HC1611, which must be high for counting,
:: ~#riting 1s innibited, However, the data in the F8M's, valid before Dl Was
'33 mad2 1ow, will continue to be readout. Once D1 is again high nomal
:ii yparation will resume.
L2
N
;:?ﬁ 5. Pixel Correction Memory (PCM)
.\-.A
2
- Tne basic function of the pixel correction circuitry is to substitut-
':(: data from the previous pixel for any detector whose nutput does not fall
Etzj witnin a presettable limit, ie.,, within the comparator window. The
.i§¢- circuitry for this purpose is shown in Figures 12 and 1.
i "1 Figure 12 the output of the comparator is normally at a logic "1"
i&i ievel, [f tha pixel output does not fall within the pemmissihla level Uin
‘;:j s 4 Iagic "0, D, to the PCM is obtained from the HC157,.
;i;; Tne circuitry for controlling the PCM is indicated in Figura 19, Th=
:"' M control switcn, located on the front panel, must be held low for one
'Lﬁg frane to conpletly 1oad the memory., Four memories are used, two for the ndd
i;g Dicels and tw) for the aven pixels, The differentation fir the tw sets 1s
;Ei ind1cated 1n Figure2 19 ny the chip selects CSl, CSZ’ CS'l and CS'2.
;" Anen pin § of HC14? 15 grounded by the PCM front pan21 switch a high
" yitnat rasylts for on2 input of all thre2 AND gates, This 'S the write
_53t D3STT N, 01q from the A7) hoard is gatad to the PCM memory input. The R/W
;iz stgnal - see Figures 17 and 18 - is gated by AND gate 2 and inverted to
%;:‘ Mt the necassary neqative WE pulse. The output from AND gate 3 qives
?»:f S0 . sessdry negative (S pulse for the sequential chip s:lect circuitry.
e
I
7

' v 30
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l-'
3
N Tr 5&J1 1nput from the bus terminal 15 has not neen discussed as ya2t,
Nt ‘t1s terivel from th2 master memory select (MMS) circuitry discussed in
- se2tion B7, 0 It 15 4 pasitive pulse of 16.67 milliseconds duration foliowed
o v 3 ne2gative pulse of the samne duration. If we assume taiat pin 5 of OR
ﬁ;; Jate 7 1s pasitive far 15,67 milliseconds the OR gates nasing outputs CSl‘
ﬁfj an CS)‘ w11l b2 n2ld high for 16.67 millisaconds thus disabling memories 3
11 3, However, nin 1 of JR gate 2 will be held low for -he same 16,67
" m1li152¢004s and C§l and 557, in conjunction with the res- of the loqic
circurtry, will sequentiall; 2nable memories 1 and 2,
After on2 frane with pin 5 of HCldz disconnected fromn tne front panel
switin all three AND gatas will nave a common low input. D1q will not be
N Jited through to the memory inputs. The output of AND gat2 2 will remain
i:i 1aw witn WE neld nigh. Tnis is one requisite for RO, Tne osutput of AND
:Eﬂ aitwe 3, TS, 15 hald low., Assume again that pin 1 of OR gite 2 is low. Tne
(:. decoder 5139 will sequenti1ally select the OR gates having outputs Egl and
ﬁi' fg?. ow witn WE neld mign D will set the D, Teval of tae "D type FF.
:i: Tnis FF is clock:d by tne rising edge of the R/W pulse ani tne memory
{?E Inntan UO will apopear at the Ql output Ind thus reach th: A/D boardt.
Timing dragrans far writings and readout of the PCM are snowy in Figure 20,
fjfl Raferring to Figur2 12, D is one input to AND gate 2. The othar input
ift 15 fraq R gate 1. The output of AND gate 1 is the CK fa~ =he HC273's. If
733 SRR togic "0" tnera will b2 no clock pulse and with ti2 TK inpat a* a
N Pyw 1221 nne outdputs 2f tne octal D latches will bhe QO 0r tne valy2 of the
'}2 Dreviogs )atpat,  on tne otnerhand if D0 is a Ingqic “1" tap rising adge >f
_?: mae 0umoat from AND qate 1 will clock the current dat: from the A/) to the
‘5: Vob U porr aapats for processing.,
‘d
LN
o
::: . 31 kgrount Averaging ind ALY Circuitry
T
s Soatalx atagram of the batk qround averaging and ALD circuitry i oshown
;' Frare 20, Tne ALY oortion of Figure 21 consiats af 9ae 122 shin, and
:ii, CLn UYL My Wit iyt ports AT gnd BT and agtput port TEYL. 0 Bacn port
{:: is P oam aapats, Taus tne ALY and the BGM can operate at 4 15 b1t level
é O TS 4/eraging process,
‘i}: ne MO serves ty saiach tne DIt Javel anpat fo the AL BT Dart . ita
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e, from tha A/0, DALy through DAIlZ’ is the input to the lower three ALY "A"
;tﬁ ports. The HC374's are only used to write the BGM with the output of the
o ALU during the background averaging. Otherwise, the output of tha HC374's
A are maintained in the high impedance state. The 273's are used to readout
SR the BGM to the B inputs via the MUX for all operations.

/Q: With the front panel function switch set to AVERAGE, hackground

::? - ~averaging 1s initiated by the START AVERAGE pushbutton front panel switch,

, Tne momentary closure of this switch results in the bit shift signal qoing
{:\ low and remaining low for 16 frames. The low bit shift signal selects the A
;:b inpu*ts to the Mix, DSO1 through DBOIG' so that 16 bit operation of the ALl
. and BGM results. At the end of 16 frames each pixel output has been summed
f: and resides in the BGM. The bit shift signal goes hiah dand now the outputs
'4; from tne Mux to the ALU "B" port are DBO4 through 08016. This shift of 4
-& dDits, division by sixteen, gives the 16 frame average for each Pixel and a

: return to nomal 12 bit operation. Detailed schematics of the BGM, BGM

»
-

Dacoder and BGM latches are shown in Figure 2la.

e

A schematic of the control circuitry for generating the background

'3 average is shown in Figure 22 and the corresponding timing diagram in Fiqure
;“ 23. In Figure 22 tna RS FF, 279, and the front panel mamentary START

‘L AVERAGE switch is used to initiate the background averaging. !Operation of
b tna 279 is indicated in the box at the lower righthand side of Figure 22.)
;‘i [hitially the R pulse sets 0,5, low and M high tneredy gating the 120 for
e tha CK input. Since ZK is EF the following "D" type FF1 will be clocked hy
" the first effective EF pulse as indicated in Figure 23. Q1 is used for the
‘:é bit snift signal and since D1 is low the input CK signal for FF1 will drive
¥y *the bit shift signal low at the bheginning of the first frame. It will

o renain low until tha next preset pulse PR, which occurs at the end of 16

- frames. At the same time that Q1 goes low the output ind AND gate 1 rises
::; to activate the two HC193 counters which are used to count the XFR pulses at
é the CU input of HC193,.

.ﬂ The outputs QA and QB of HC193, are ANDed and used to clock the "D
.2. type FFZ' Q1 of FFZ is set low DY—VE of the 120 simultaneously with the

- activation of the two counters, The first CK pulse to FF2 will occur only
'E; 3t tne end of the first frame when QA and QB both go high, Since 01 of FF2
e 15 neld high the rising edae of the first clock pulse will drive Q, high and
§¢ remain hign for the remaining frames, This Ql autput is used for the clear
R
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ﬁ: input to the HC273's. The reason for using Q1 of FF2 far the clear pulse

: for the HC273's will he made evident shortly.

': Un power up the contents of the BGM are not valid. Consequently, the

a BGM must be cleared during the first frame. At all times during the

‘? v nackground dveraging the HC273's are clocked first to allow the BGM output

: to reach the "B' port of the ALU. During this time the HC373 outputs are in

:\ th2 nigh impadance state, Next the HC374's are clocked to write the BGM

l with updated data. Both clocks are operated during each address intaryal

o and 1n the previously stated sequence., See BGM latch circuitry in Fiqure

;i 2la. However, during the first frame with CL of the HZ273's law the inputs

f} to the "B port of the ALU will be low for each address of the BGM prior to

" tha HC374's being clocked. See righthand side of Figura 24b for HC273

V_ characteristics. As 4 result at the end of each address interval the BGM

:[ will have been written with valid data. At the end of the first frame th»

? 3GM will have been fully loaded with valid data., Now CL for the HC273's

4 qo02s high allowing the CK input to control the HC273's transmission of the

) 30M contents to the "B' port of the ALU, The contents of the BGM will now

i represant tne sum >f all previous valid data. A timing diagram of the

iy operation during background averaging is shown in Fiqure 24a and for normal

) Jparation Figura 24h, See Figures 17 and 18 for the origin of these control

i% siynals,

f§ Referring again ro Figure 22 and 23 the background averaging operation

’ is teminated after 16 frames by Qg of HC192, counter and the 120. Qg
clocks "D" type FF2 driving S1 and M2 of the 120 low and high respectively,
Tne next EF pulse will be inverted at the 120 output Y? and ANDed with Sl of
the 279 RS FF. Tne resultant negative pulse at the output of AND gate will

13 clear the HC 193 counters, preset the "D" type FF1 and FF2 and trigger the

. RS FF 279 back to its original state prior to the start of the averaging

.3 nperation, Presetting FFl drives the bit shift signal high, OE of the

[+ HC374's qoes high which disables the CK input leaving the HC374's in the

,3 hign impedance stata, See the truth tables and timing diagram for nommal

‘ oparation after hackground averaging in Fiqure 24b.

X Tne rignthand site of Fiqur2 22 shows the siqnals raqguired by the ALY

:: and controlled by the front panal function switch, The M signal originares

5 M the front pan2l 3nd raacnes tha S109 Hus via the interface on tha S1NN-1

{ hoard,  The rendinder reach the S100 bus s indicated in Figure 22,

: Jnder nnrmal Jper~atinn signals Sq, Sl’ 82 and S3 reach the Hys via the

"
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T;Eg HZ 157 mux. Normally the SEL input is low with the A inputs nf the mux

?:¢ selacted at the Y outputs., Onc2 SEL goes high, during barkqround averaging,
! the 3 inputs of the mux are selected yielding the function F = A+B, At the
R end of the bhackground average the function switch is set -o CORRECT yielding
3&5 tne F o= A«3 function. Now the average background lavel is subtracted from
,2£é th2 incaning data on a pixel Sy pixel basis,

."',. 7. Master Memory Select Circuitry (MMS)

«'3‘2

#{: Tne mastar memory select pulse (MMS) is used in selecting the FBM's for

rea:dd it and for being written, In the process of generating MMS an equally

pev 1mportdant memory select {MS) is obtained and used with the decoders for ail
'235 menor es, [ts use has already been discussed for decoding the PCM, MMS and
'ﬁﬁ MS Circuitry is shown in Figure 25 and the associated timing diagram in

' Figure 26.

T n powar up it 1s essential for the memory select siunals to be

ﬁ;f synchronized with the EF pulse. The triple input AND gate in Fiqure 25

Ef% serves to delay the PR? input sufficiently such that the first EF pulse

1Initiites the corract relationship for Q1 and QIDI' (In this report MS

itit refer. to Q0, or Q). Mte in Figure 26 the second EF pulse has no effect
*:i: on tne tining since Q1 is already high when it occurs,

;:&Q Tnis circuit was breadboarded prior to final fabrication and was found
%\jﬁ to function as desired. On power up the waveforms immediataly after to in
ﬁxﬁ Figur= 26 were not observable, however, the relationships illustrated in

isé Fiqur2 26 were observable after all power ups.

e

_ ] d. Vertical Position Circuitry

25

;ﬁ; Tne vertical position circuitry generates two control signals far the
fi?i R21a0:ut Address Generator (ROAG) as well as controlling tha yartical

;ff prsitiun of the raster, Circuit details are shown in Fiqure 27 and the

i?: 4550C11ted timing diaqram in Figure 28, Note that Figure 23 15 not to
;{25 scale,

ELE Jircuit dperation 15 initiated by the negative field drive pulse {FD)
e which presets the two "D" type FF's and pr2loads the HC193 counter according
:{3 £y tha settings of the fyur switches and the R network, Fe with TTi tied to
N

o
iy

-':-
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TyoPLttioNs 4% 3 1y 1ia oy two circuit with LD neinag tns T odanun, Stoe

N

e vt 4wy (U, 1 put to the HC193 counter s P111 “ha hynter i

17 ranaqtad g oeyergatnor LD input pulse.

matially ) 0f TR is dow as a rasult of the FD oulsa, ) 15 nufforad
4

T 5
Sy ot 5I0) 0us At oused to clear the HC 1AL counters 9f tha RIAG,  T12
ycrow CAY patsie to o tma HOL93 countar cloacks FFZ it D) a92s high sintoe

o 1s oyt qctiystes tna ROAG HD 1AL countess . et ramaing high

Anib otna qact B ooalbse 33310 drives 3; 19w,

Tia 30 513030 v omally high al sy contrals tha 19ad (.Y dinput ro the
AT1HL owunter in bFivrura 27 wnicn is clockad by 17 nulsos. Tha HO1AL -opunso-
#1111 na praloadead 9 0 oy the negative 37 pulse and zaunt until the next 39

far 4

552, Tne dnteryal matw2en BO oulses is 1A,67 millisa-ands allowing
“ae1non O 252.5 1ines f LD pulses.  Output QA 9f tna HC161 15 a BYU Auny
TR sguaTte wive witn g nalf period of 63,5 5, As indicited in Fiqure 07
Lots ouffered to man 5100 ous and used in the intinit Circuitey fymoone

P
1. eatout Aviress Generator (ROAG)

stplifred ninck diagram of tha ROAG is shown in Figqure 29, The
oc< fan2llad UMEM R . SELECT' was discussed in Section B7 and the
155021t wavatorns anywn in Figure 26,  The master maaory salact outpur is
1321 farotna SEL inouts for Mic A) Mux B and Mux 0. Wnen SEL is law th= A
1A%y ar2 32 lected farotna ¥ outputs,

o A 314 M Sonutourts are foar controlling the F8M's,  The Mic iapits
from tne wWrita gnd ragdnut qates ara interconnected betwesn the tw Mux's
.20 mnat ScloAetaraines which F3M is peing written or readout, For
ceqnple, ifF SEL 15 iow tn2a FBMA and F3MA' will be nperated in the writ-
e, o le E8MY o and B33 will ne oaperatad in tne reainut mode, For SC
n1en tna made for 2acn FBM will be reversed,

T PRUAY MEM Y TONTRILY circuitry inoaddition to controlling the

23007 GATET alsy genarates tne [NC signial which increments one Hr o the

s f tne counteecs gnte eyery £2,5 5, The sequence of 1ncranents s

ceteyited ny o tna 2 TONTERS THNMIRITY Hlock which is contralled hy the )\

Ut .t s dianassad i Section B2, (ircuit detdails ir2 ghowe in Fiageo
[

s v 35gs b y3yaforms iq Faguea 23, Wnen tho hottm foyunters are
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s itet from Zountyng the upp2r counters provite 1AN 2) jddresses fyr “he
atn 2s21 l1ns,  When tha upper c¢nunters ara innhihited from Cyunting tha
iyar cynters prasite 150 1) addresses far the ath oaq lino,

)A 1s also used for SEL for Mux C. When SEL is iaw the even line
11 iresses ar2 seiactat fyr the Y jyutputs and the odd line atdresses are
salactat whon SEL 1s nign, Consequently, the output of Mux £ is
syachroni zai oy QA T35 tha counters such that the 8 inputs to Muix 7 ars
al ternataly 159 RJ ad.iresses for an even lina followed by 159 RO addressas
far tne carraspanding odd line., This process continuz=s far 244 lines un*il
hath sats af countars 3are cleared hy the clear pulse shrwn i1 Fiqures 27 and
23,

“ix D ouses tne mastar memory selact for the SEL input. The A inputs to
“ux 3 are *n2 addressa2s from the MWAG while the r=2adout addresses are the 3
170u%s ., Mix D inpiuts are interconnected such that when SEL 1S 1ow the write
33dress=y d4r2 sent £y FBMA and F8MA', and the readout addresses ara
Zonn2ctad ty FBM3 and FBMB',  Tne raverse is trus when SEL is high, (Notice
=n3t Mux A 314 Mux B ars selacted for the corresponding naparating modas,)

A more ietailed 1iajram of the ROAG is showt in Figure 30. CE., and

.- 2

-, fyr writing are o9vtiined from the "WRITE GATE" consisting »f nw AND

gatas. e zommon input far both gatas is held high, When SEL is 1ow and

1,9, is n2ld nigh CZ_A is maintained high at the nutput 2f Mux A, CE_A'is

1 2 ?2
11 iow. Tnease inputs to the decoder in conjunction with the inverted

UV o»r

n

yatpars 2f tne S139 will sequentially select the FBMA's for writing 122 even
Tines, Tnis tak2s 16,6/ milliseconds. When Tjﬂ)l goes low for the next
156.67 millisecinds *ne decoding circuitry provides for sequencing tha F3MAY
suth o that 122 odd lines are written, Since SEL is low far 33 millisernnis
211 244 1ines will ne written in one frame interval. During this same framo
*ataryal the 2/§ 1nput £ the FBMA's will he pulsed low frr 2ach atdress and
J2 '3 naid higa oas raqguired for writing the 55465 memories,

A <1ming 1139ram for the aacoder when FBMA and FBMA' ara being written

is snywm 1o Figqur2 -1, an4 A inputs to the S139 are tiken from th>

Q13 14

yutnut of Muc D owhan its SEL is low, Yo’ Y1 and Y2 are actively loyw as

3nywe 1 Figaea 31, Thase are inverted and ANDed with CE7A and CE7A‘. anen
oA s nela nvgn, anoits CE?A) taraugh CE?A? Ire ohtiined saquontially
WN1l e Sna jtnar tncsoe atnyts ara nald low hy CEOA‘. Afror 13529 addressas

“ne A Tountars g2 cledred gnd CE?ﬂ‘ goe2s hiah, Now dutouts CF_ 4,
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through CE2 5 are obtained sequentially while the three previous outputs are

held low oy CE_A being low.

Wnile theZAinemories are being written once during one frame the B
remories are being readout twice. The outputs of the 'R0 GATE", CE2 and
CEZ', are synchronized with QA' When QA is low for 63.5 .s 140 readout CE2
positive pulses from the “ROAG MEMORY CONTROL" are gated to Mux B and the
decoder. The decoder selects the appropriate B memory. Next QA goes high
for 63.5 us and 160 readout CEZ' positive pulses are gated to Mux B and the
decoder. The decoder selects the corresponding B' memory.

A timing diagram for readout of the nth even and nth odd line from the
8unq2?ries is shown in Figure 32. This diagram is not to scale. Wnen Q, 1s
Tow QA is high and a pulsed CE2 (read) will be gated to Mux B input 1A,

CE B to the decoder will select one of the B memories by means of CEZBO

througn CE.B The 3' memories will be inactive since CE B' is held low.

Now Qi 51]1 be low for 63.5 us allowing the 160 CEZB oulses or 160 RN
addressas corresponding to siay the nth line, When QA gnes high the CE2
{read) output will be immobilized and CEZ' (read) will be gated to Mux B
input 2A, CEZB‘ to the decoder will select the B' memory corresponding to
the B memory selected previously by CEZB and the decoder. Now the B' mamory
will b2 selected for 63.5 us allowing 160 CE

corresponding to the nth odd line.

28' pulses or 160 RO addresses

This ping pong action between the B and B' memories continues until the
RUAG counters are cleared after 244 interlaced lines have been readout
during 16.67 milliseconds or one TV field. This procedure is repeated,
since SEL for Mux A, Mux B and Mux D is held constant for 33 milliceconds,
during the next TV field giving 488 lines per TV field.

A scnematic of the circuitry represented by the block labelled 'ROAG
MEMORY CONTROL" and the associated waveforms is shown in Fiqure 33, This
circuit was designed and breadboarded assuming a 50% duty cycle for the
GRICK 3.0996 MHz input. Tne breadboarded circuit functioned as anticipated.
Difficulty was encountered with the "RO GATE" when it was embedded amongst
the other circuits on the S100-2 board. The GROCK duty cycle was
significantly less than 50%. In the final design the broken line connectinn
corrected part of the difficulty. Other changes involved delaying tha INC
pulse for the HC161 counters using four HCO4 inerters and qrounding It to
input 4A of Mux B rather than using the pulsed OE generat.«t in Figure 33.
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B
e
i' A partial schematic of FBMA is shown in Fiqure 34, FGMB is identical
KX with FBMA. All of the 5565 memory chips are on the same S100-5 board,
;E: Twelve bit operation is achieved by pairing chips. For example, memories 1
- and 7 are paired and selected by the CEon signal from the decoder shown in
) Fiqur= 30,
? Data from the ALY, DAO1 through DAOlZ’ is bussed to four HC374 latches
.4¢ as indicated in Figure 35. Two latches are used for FBMA and two for FBMB.

Tne outputs of the latches are paralleled with the appropriate /0 ports and
b the inputs to the mux consisting of three HC157's.
3 Operation of the circuit of Figure 35 can be explained using Fiqure 30
g‘ and the simplified Elrcuits of Figure 36. In Figure 36A OE of the HC374A
latch is low while OE of the HC3743 latch is high. With SEL high the Y
outputs of the mux will be the B inputs. Latch HC3748 will be in the high

[y impedance state and the contents of the B memory will be read out to the D/A
via the mux. Latch HC374A will clock the ALU data to the input of memory A,

i; Reversal of signs for OF A, OE B and MMS will result in A memory being

;\: readout and B memory being written as indicated in Figure 368B.

t;

]

” 10. D/A board circuitry

A block diagram of the D/A board circuitry is shown in Figure 37,

Processed output data from the ALU at TTL levels is translated to ECL levels
by means of four 10124 chips, bafore getting to the ECL latch. The ECL

B latch consists of two 10176 chips which are hex ECL "D" type FF's. The

'J outputs of the latch go to the HDS1240E, a 12 bit ECL D/A., Circuit details

;: up to the output of the D/A are shown in Figure 38,

! The output of the D/A is buffered by an inverting amplifier, Al’ which

¥ is also used for inserting the manual black lev:l input from the front panel

.i control. The inverting amplifier is followed by a switched gain amplifier,

% A?, using the Comlinear CLC 220 operational amplifier (OA). Circuit details

i | for this section of the D/A board are shown in Figure 39,

'fz Changing the gain of the CLC 220 OA results in an equivalent offset

F;: change at the output. In the original design the CLC 220 was used in the

'; noninverting mode. Difficulty was encountered in controlling the magnitude

i of the offset variations for different qain settings, This difficulty was

-
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resolved by using the CLC 220 in the inverting mode where the variations in
offset were significantly smaller,

Two four pole analog switches, DG201AP, are used for adjusting the gain
and offset simultaneously. A stable offset is obtained using the + 5 volt
reference supply circuit shown in the upper lefthand corner of Figure 39,
The offset output from DGZOIAP2 is buffered by the unity gain configured
0P-10 OA.

In Figure 40 the switched gain stage is followed by a four quadrant
multiplier where V+y is the buffered manual fine gain input from the front
panel control. The output of the multiplier is buffered by the CA3100 QA
which is followed by the hard limiting SK3100 Schottky diodes and the diode
connected NPN soft limiter. This limiting circuitry is used to prevent

overdriving the analog transmission gate CD4053 Additional gain of

approximately four is obtained with the HA2520 éA ahead of the two pole
active filter.

The two pole active filter in simplified form is shown in Figure 41.
It is a low pass Sallen-Key configuration and was designed for a maximally
flat magnitude (MFM) response with a half power point of 5 MHz,

The amplifier labelled A in Figure 41 is the BUF-03. The transfer

function VO/Vi is obtained as

A
Vo R1R2CCo
V. 2. s (1-A) + 1 ] + 1/(R R,C,C))

{
RoCa Ry RYIC,
Wnen A = 1, ( A =0.997 typically for the BUF-03) and R, = R, = R,

v 1
2 . ___R2¢cCy
Vs s2+s2 + 1

Re, Reclc?

For an MFM function

2 . 1(R%.¢C

Vg - 2/RC, and B 1€)-

Therefore
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el S Al TS AP I

L
L)

y)

Z, = V2/RB and C, = 1/(V2 RB)

and

For 8 = 2- x 5x195 ant R R, = 510

1 2

? 44 pF and C1 = 88 pF.

Originally C1 an- C2 were chosen as 50 and 110 pF respectively. In
fine tuning the overall camera system C2 was changed to 3N0 pF without any
changa in CI' This value for C2 does not give an MFM responsa, however, the
reduced bandwidth does result in less noise without degrading the video
output.

The CD4053 is a triple two channel transmission gate with inhibit. Cy
input is tne inverted analog signal from the active filter. cy input is the
direct output from the active filter, When the digital control input “C' is
3 logic "1" the switch output at pin 4 will be cy. If “C' is a logic "0"
the output is e Tne " INVERT IMAGE" front panel switch controls "C"' for
either output.

Tne second (D405 output is controlled by the mixed video blank (MVB)
from the ZNA134J since it controls the switch logic control "B", When "B"
is high the output is by or the mixed sync (MS) from the ZNA134J, Mith "B"
low the output at pin 15 is bx or the analog signal from CD40531. The

composite video at the output of CD4n53, is coupled to the video amplifier

2
shown in Figure 42,

11. Power requirements

In the initial design of this camera the experience gained from the
design and operation of the 64x128 camera was utilized as much as possible,
It was decided to investigate the possibility of using a single transformer
with multiple windings rather than using individual regulated supplies for
2ach voltage. At this time thought was also given to going to switching
supplies to reduce weight and size, however, the fear of excessive noise
from such supplies deterred this approach.
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Power requirements were estimated on the basis of using low power
schottky logic wherever possible., This approach was based upon the then
current inavailability of high speed CMOS logic. The following voltages and
currents were estimatced for a special single power transformer: + 24V /1A,
+ 15V /1A, + 5V /10A, - 5 V/1A and 40 V/0.1A, Bids were sought for this
sp2cial transformer with output voltages somewhat higher to allow far dc
regulators. A satisfactory transfomer was fabricated by New England
Transformer Co.

Two regulated multi-output supplies using these transformers were
fabricated up to the point of wiring and mounting provisions being made in
the SPU package., At this point a special Power Cube switching supply became
available for trial use. At about the same time high speed CMOS logic
circuits suddenly beceme available from a number of suppliers.

HCMOS and low power schottky logic circuits of the same type are pin
for pin compatible, Thus, it was no major changeover to switch devices
wherever possible. [t was also decided to try the switching power supply.
If the noise should turn out to be a problem there was always room to
install the now overpowered linear supply. No noise problems were
ancountered that could be linked to the switching supply.

The circuitry in the Sensor head and the SPU tike approximately 3800 ma,
or approximately 80 watts total power for all supplies.

C. Related Investigations
1. 64/128 gated clock

In the early days of this program the necessity arose for a gated
output of either 54 or 128 pulses in a 40 us interval between successive
line drive pulses, Tre circuitry for this purpose is shown in Figure 43,

Tnis circuit is similar to the GROCK - see Figures 14 and 15. The PLL
operates at 12,915 MHz with an HC390 counter in the feedback path. The
12.915 MHz CK input to counter HC163l is divided down to ohtain 1.6 MHz and
3.22 MHz at QC and QB respectively. These inputs to the mux HC157 are
selected hy the switch SH1 for the CK input to the 120,

The remainder of the circuitry works in the same manner as the GROCK in
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producing a 40 us wide gate pulse, to S2 of the 120, which is located

approximately symmetrically between LD pulses. The 40 us interval is
obtained using the 1.6 MHz for the CK input to counters HC163, and HC1A3_.

— 2 3
Initially, at the onset of LD,Q1 and Q1 are high and low respectively.

T2 CK input to the "“D" FF will drive Q1 low and 5& high since D1 is always
J low. Tnis initiates the pulse train operation at the output of the 120, 40
{ us later the rising edge of QC of the counter HC1633 will terminate the

pulse train when Q1 and S, go high and 6} clears the counters,

2
This circuit was found to function as predicted. Consequently a

variation of it was used in designing the GROCK.
2. Active two pole filter

Considerable attention was given to the design and fabrication of an
active low pass two pole filter, Since the upper half power point has been
designated as 5 MHz the fabrication required care in the layout in order to
Minimize stray capacitance and inuctance. To this end PC boards were
fabricated in house with ground planes and chip resistors and capacitors
were used for each configuration.

Various operational amplifiers were tried in the Salien-Key
' configuration. Same of these are shown in Figure 44, In Figure 44A the 170

ohms connected between Pin 5 and ground was used to adjust the gain slightly
‘2 greater than unity. This will decrease the S coefficient of the denominator
of the transfer function and thereby make it possible to more accurately
tune the filter to the desired response.

This particular configuration was investigated because of its
simplicity and unity gain requirements. The OA's that showed the greatest
promise were the LH0032, LH0033, ind the BUF-03. A major drawback for the
LH0032 was the number of camponents required for stable unity gain
operation. The LHO0033 proved more satisfactory, however, the calculated
values of C. and C2 naeded to be halved to achieve the desired bandwidth,

1
This was a reflection of the sensitivity of this device to stray capacity

hg

unaccounted for in the original design and the departure fron unity qain,
Tne BUF-03 was finally chosen on the basis of simplicity. This design was
dicussed in Section 310,
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3. SWitched aain amplifier

Many oparational anplifiers have the characteristics that the
1a1n-9andwidth product 15 a constant, That is, as the qain is increased th2
nandwiith is reduc21 oroportionally. This is true for the PRAM used in the
54x123 camera for the switched gain amplifier. This is not a problem if the
pand.idth far a gqain of 3, the largest gain to be switched, is satisfactory,
Howeve~, m2asurements on the PRAM indicated it would not be satisfactory for
32 bandwidth of 5 MHz,

Tne Comlinear CL7220 amplifier was specified as having a constant
bandwidith for changas in gain. This was verified in the laboratory where
the bandwidth was constant beyond 40 MHz for gains of nagnitude between |
and 10. The circuit used for this purpose is shown in Fiqure 45 for the
inverting mode of operation, The same results were obtained for the
noninvarting mode,

Tne D/A board is direct coupled throughout. Consequantly, a change in
g1in should not be 1csompanied by a dc level change otner than that
attributable to the da2sired analog signal. With nonideal 0DA's this is not
pyssible, For the L7 220 the variation in output level as tha maaqnitude of
tha gain changed from 1 to 8 was significantly 1ess in the iaverting mode
tnan in the noninverting mode, For this reason the final design of the

sditzned gain amplifier is as shown in Figures 37 and 39,

4. Cryogenic <onler power source

Liguid mitroger is used to cool the focal plane., The possibility of
usina 3 crynganic Ino'er is an attractive alternitive., One such cooler
raguired 50 watts of (ower at an operating frequency nf 50 Hz., The circuit
desiqned and fabricat.d for this purpose is shown in Fiqure 46,

Tne ICL 3033, a function generator chip, is used to ohtain the low
voltage 50 Hz., [t is inputted to a differential amplifier made up of twn
S¥35273 low power PNP transistors. The output of the first differential
57352 15 douhble endad to 3 secnnd differential stage which serves is th»
iriyer stage far the cutput power transistars. The output connlementary
Lransistars usad 45 tn2 final stage are 2SK133 and 25J43 each with a

coilector dissipation )€ 190 watts, The supply voltage for thess are + A5
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15 mtained from ~wo commercial linear supplias with an outnut capahility

3f tar2e imperas, Tne 1ow voltage required for the ICI 23332 is ohtained

trom tne - 35 volt supply using a wA723 requlator with its aatput set for

¢15 volts. Tne autput transistors were neat sinked and 3 snall ac fan w3s
Jsed %) n=lo cool the entire 50 Hz power package,
Tne zrydqgenic coolar using this power source was used ro cool the 255
slement lin2gar array., The power source ran surprisingly conl and has given
ny aifficulty even after extended pariods of operation.
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L

f}: CAMERA OPERATION AND APPLICATIONS

,';' The 160x244 focal point is sensitive between 1 and 6 micrometers

ié:j wavelength, The camera was operated with f/2 optics and a 3.5 micrometer

;?3 long pass filter to suppress near visible, or reflected solar content in the
imagery. Video displays were photographed for this report using the "FREEZE

j:ﬁ FRAME" capability of the camera,

%f? The focal plane used to obtain these photographs was surprisingly free

fgz of defects as can be seen in Figure 46. For this reason it was really

) unnecessary to use the pixel correction procedures.

}f@ In evaluating the camera performance photographs were taken of

'ﬁq television images with both z-axis (brightness) modulation and isometric

O modulation, With isometric modulation the video siqnal is added to the

?:, vertical component of the scanning raster at each pixel. The resulting

fkl‘ "Isametric" display provides a relief map of the image where small signal

:fi variations are easily observed.

Figure 47a shows the uncompensated camera response to unfocussed
background radiation at 25°C using z-axis modulation. The circular pattern

2;2? is a map of doping variation in the silicon crystal. The faint plaid

:::f pattern is caused by litkographic errors. The bright spots show diodes with
'Eﬂ excess dark current, The dark spots, with the exception of the spot at the
‘). bottom center of the picture, are probably caused by dust on the backside of
o the focal plane. The dark spot at the bottom center of the picture is an
R inactive diode.

\ - Figure 47b show the success of the 16-frame offset compensation.

? ’ Sensitivity is now limited by infrared background noise, (background

;; limited), Figure 48 shows the normal and compensated isometric images for
§$ unfocussed background radiation at 25°C.
iJ:- Figure 49 1is another example of the 16-frame offset compensation. In
_.’ Figure 49a the camera signature seen in Figure 47a appears superimposed on
?$; the woman's face., After compensation, the image is free of these artifacts
:EE as indicated in Figure 49n.

i The camera has a dynamic range in excess of 60 db and an MRT of less
R than 0.1°C which allows imaging measurements in scenes having substantial
.-,}-_
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Figure 47a

Figure 47D

Figure 47. Unfocussed background response at 25°C
(a) uncompensated z-modulation
(b) compensated z-modulation
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Figure 48. Unfocussed background response at 250C
(a) uncompensated isometric
(b) compensated isometric
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Figure 49.Woman's face
(a) uncompensated
(b) compensated
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gig variations in brightness. This possibility is illustrated in Figure 50

j% W where small changes in skin brightness, related to local variations in the
2&5: man's vascular system, are clearly observable in the same frame as the hot

N pipe bowl. As another example note the detail in the womans profile in

E?& Figure 51. Her ear, the darkest (coolest) feature, reflects the limited

‘ij blood flow in tne cartilage of her ear.

1:; Resolution of the 160x244 camera is improved over that of the 64x128

. camera. This can be seen in Figure 52. Figure 52a is a photograph of a man
::E: and nis pipe obtained from the smaller camera. Figure 52b is a similar

ko picture obtained from the 160x244 camera. The black level settino is not
xis quite the same, nor is the size the same, however the increased clarity of
o Figure 52b is apparent. Note the detail of the pipe stem in the two

'%f figures. In Figure 52a the stair case edges of the pipe stem are very

_LS evident reflecting the smaller number of pixels. In Figure 52b the stair
E?' case effect is significantly less. This same effect can be seen for the

[ lefthand vertical edge of the glasses. Other evidence of improved

{}Q resolution are in the details of the nose and mouth areas.

jt In the early evaluation of the camera reading glasses always appeared
;33 opaqua, as in Figure 52. It was assumed the radiation from the eye area was

blocked by the glasses. This assumption turned out to be false as indicated

2}: in Figure 53. Clearly the lefthand edge of the face of the subject is

:E: visible through the lefthand lens. This effect is not a function of the

2;3 material of the glasses, plastic or glass, hut rather the nature of the

;J background of the subject being imaged. A high contrast temperature

?& differential has to be here in order to see the transmission through the

j;é glasses.

R Aside from the obious military applications the use of silicide sensors
;;_ for medical measurements warrants serious considerations. In Figqure 54 is
iﬁ: shown the arterial map of the forearm of a young man who exercises

?EZ regularly. Sameone in poor health would show significantly weaker signals.
ZS:I Figure 55 shows the hand of a smoker in front of the hand of a nonsmoker.

:; The smoker's skin temperature is cooler indicating reduced capillary

;; performance near the surface of the skin.
}&S The use of silicide camera technology for industrial applications could
f; be extensive. The location and extent of chemical reactions in closed

; vessels could be determine from surface temperature mapping. An important
Iﬁi
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{] Figure 50. Wide dynamic range image showing both local
skin temperature variations and hot pipe bowl
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Figure 51. Woman's profile showing wide range of detail
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" Figure 52. Comparison of resolution
’. (a)64x128 camera

j_:{ (b)160x244 camera
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Figure 53. Thermal radiation through reading glasses

.
P

:.;. v ..‘ =
-'-';{'V'_‘t o

-
S

,.
L1

I. ‘;:

. Figure 54. Vascular mapping of forearm




) Figure 55. Comparison of surface temperature
A Y
o of smoker and nonsmoker
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application would be the assessment of excessive power dissipation in

,,.!?
4Lt

electronic circuits or printed circuit board reliability. For example,

‘-»-c
LY
-
-

Figure 56a shows the surface temperature of a PC board. Figure 56b shows
the isametric display of the same image which could be calibrated for

-
4

P

L]

quantitative evaluation of the distribution of power dissipation.

T

Obviously numerous other applications are feasible. The point to be
made is that this type of assessment is noninvasive, fast and easily
documented by photograph.
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Figure 56. Thermal map of operating PC board
(a) z-modulation
(b) isometric
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SECTION IV

CONCLUSIONS

Successful operation of the 160x244 IRCCD camera has been demonstrated.
However, improvements could be made in a second generation system. Some of
these are related to design and others to fabrication,

The one-point correction, the 16 frame background averaging
compensation, yields a significant improvement as noted in Figure 47b.
Further improvement in the nonuniform responsivity of the detectors could be
achieved by means of a two-point correction. Dynamic field balance
correction (DFBC) could also lead to increased sensitivity at low signal
levels,

From the viewpoint of fabrication, different plugin cards should be
used. These should have ground planes and not require wire wrapping for the
memory cards. The plugin boards should in some cases be partitioned more
carefully., This observation arose in the debugging procedure where it was
found necessary to reroute certain connections to prevent spurious
interaction of control signals.

The use of larger memories, say 32Kx16 bit chips, should be considered.
These may lead to addressing simplification and obviously shrink the size of
the SPU by using fewer boards. Of course this possible reduction in size
coud be partially negated by the suggested improvements in design which
would require additional space.

In summary, silicide IRCCD cameras have advanced in performance to

where they are candidates for wide ranging industrial, medical and
scientific applications. This report has presented examples of imagery
wnich show the performance of the 160x244 IRCCD camera and which indicate
the near term potential for applications of this technology.
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A paper based on this work was presented on 29 November 1985 at the 2nd
International Technical Symposium on Optical and Electro-Optical Applied Sciences
and Engineering. The title and abstract follow below:
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i
AN Platinum Silicide Sensor Imagery
'\-;::: W.S. Ewing and F. D. Shepherd
:-:‘ Rome Air Development Center
RADC/ESE

e Hanscom AFB, MA 01731-5000
{"':-
2 Ji::,p
::j B.L. Cochrun

Wi Dana Research Center

(» Northeastern University
Boston, MA 02115

e ABSTRACT

Infrared television cameras, base¢d upon platinum silicide photodiode arrays,
o have advanced in sensitivity, resolution and reliability to where they could have
) wide ranging application to medical, industrial and scientific measurement. In
. this paper we will present examples of silicide camera imagery which show the
- enrt of data which might be expected from such measurements.
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